Introduction
In modern science and technology, the photonics integration plays a critical role in solving the increasing demands regarding the data-storage capacity and information processing speed. However, the conventional methods to manipulate light rely on the gradually accumulated phase change during light propagation, thereby resulting in bulky optical components with complex shapes. The resulting bulky optical devices go against the recent trends in photonics, which aims at very dense integration and miniaturization. In recent years, metasurfaces, that is, planar artificial nanostructures that can produce a desired optical response and realize a specific optical wavefront transformation by controlling multiple properties such as polarization, phase, and amplitude of the reflected and transmitted fields, have attracted increasing attention due to their planar profiles and ease of fabrication [1] [2] [3] [4] [5] . As such, numerous fancy physics phenomena and promising applications have been demonstrated by different metasurfaces, such as anomalous beam-steering [6] [7] [8] [9] [10] [11] [12] [13] , surface waves couplers [14] [15] [16] [17] , optical holograms [18] [19] [20] [21] , focusing lenses [22] [23] [24] [25] , wave-plates [26] [27] [28] , and polarimeters [29] [30] [31] [32] . In addition to the lightweight, compactness and arbitrary control over wavefront, another major advantage of metasurfaces is their multifunctionality. Recently, it has been shown that a single metasurface can effectively integrate multiple diversified functionalities into an ultrathin device with compact footprint [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . For instance, metasurfaces can realize distinct functionalities depending on the input polarization states [38] [39] [40] [41] [42] [43] .
Although metasurfaces are promising to implement fascinating functionalities, most of the up-to-date metasurfaces are typically designed to work at a single wavelength. Thus, it is highly desired to achieve multiwavelength metasurfaces capable of providing independent wavefront modulation at multiple desired wavelengths. Up to now, many efforts have been devoted to circumventing this limitation at two or three distinct wavelengths [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . To realize multiwavelength metasurface, a simple scheme developed is to merge specific metaatoms spatially, where each meta-atom exhibits response at a certain wavelength [44] [45] [46] [47] [48] . Meanwhile, complicated meta-atoms have been designed to achieve multiple optical responses at different wavelengths, with the complete phase and amplitude modulations [49] [50] [51] . However, the implemented approaches suffer from crosstalk between different metaatoms and the working efficiency at each wavelength is inevitably limited. In order to reduce the cross-talk and increase the efficiencies between different wavelengths, strongly anisotropic meta-atoms, exhibiting polarization-controlled optical responses, have been used as the basic building blocks to design multifunctional metasurfaces, particularly dualwavelength metasurfaces [52, 53] .
In this paper, we design polarization-selective dual-wavelength gap-surface plasmon metasurfaces (GSPMs), which consist of periodic anisotropic meta-atoms arranged in a rectangular lattice with two degrees of freedom to independently control the reflection coefficients of orthogonal linear polarizations at two discrete wavelengths. Based on the designed anisotropic meta-atoms, we demonstrate dual-wavelength GSPMs as polarization beam splitters and focusing metamirror operating at 850 and 1550 nm simultaneously. Our work provides a general approach to design multi-wavelength, multifunctional metasurfaces with potential applications.
Meta-atom design
Figure 1(a) schematically illustrates the proposed dual-wavelength GSPM functioning as a polarization and wavelength beam splitter, which consists of periodically arranged metalinsulator-metal (MIM) meta-atoms. The basic meta-atom is composed of 50-nm-thin silver (Ag) nanobricks arranged periodically in the x-y plane and a 130-nm-thin continuous Ag film, separated by a silicon dioxide (SiO 2 ) spacer with deep-subwavelength thickness [ Fig. 1(b) ]. When the meta-atom is illuminated by a normal incident plane wave that is either x-or ypolarized, electric currents are induced on both the topmost nanobricks and the bottom Ag film, resulting in strong near-field coupling and anti-parallel electric current oscillations, forming the strong magnetic resonance [54] [55] [56] [57] [58] [59] [60] . By varying the geometry of the meta-atom, the reflection phase and amplitude of each unit cell can be engineered independently at the designed wavelength [58, 59] . To realize the polarization-selective response at two discrete wavelengths, the unit cell is set to be rectangular with different periodicities along the x-and y-directions (e.g., p x = 250 nm and p y = 500 nm). Since the reflected coefficients vary with the spacer thickness, the SiO 2 dielectric layer is optimized to have a thickness of t s = 50 nm, which ensures almost 2π phase modulation while maintaining high reflectance at the two investigated wavelengths, that is, λ = 850 and 1550 nm.
We implemented three dimensional (3D) full-wave simulations by using the commercially available software Comsol Multiphysics (ver. 5.3) based on finite element method (FEM) to determine the complex reflection coefficients. For the homogeneous meta-atom in Fig. 1(b) , we modeled one unit cell by applying periodic boundary conditions on the vertical sides of the cell. The complex reflection coefficients were determined on the top surfaces of the nanobricks when linearly polarized light is normally impinging onto the surface. In our AgSiO 2 -Ag configurations, the permittivity of Ag is described by Drude model , where ω is the angular frequency and the surface roughness and grain boundary effects have been taken into consideration [57] . The SiO 2 spacer layer is taken as a lossless dielectric with a constant refractive index n = 1.45. The medium above the configurations was chosen to be air and truncated using perfectly matched layer (PML) to minimize reflections. Figure 1 (c) displays the minimum reflectivity and reflection phase of the homogenous metasurface at the designed wavelengths of λ = 850 and 1550 nm as a function of the nanobrick dimensions l x and l y , confirming that we can independently control the amplitude and phase of the reflected light for the two orthogonal polarizations at two wavelengths. For x-polarization at λ = 850 nm, the reflection phase and amplitude are dominantly controlled by l x while l y has little effect. etasurface (des d at λ = 1550 e four meta-at 850 nm. Neve lection phases wavelength is e be constructed Fig. 3(a) functioning as a d at λ = 1550 nm) erformance of the ted E-field (E rx ) at is 1 V/m), and c) as a function of tion, displaying d) h of 1550 nm (the t reflected into the cted x-polarize he generalized is determined n and wavelen nts that are diff discretize the r p and place eig ght elements p ent light at λ = Fig. 4(b) 
